The aim of the present study was to investigate the toxicological effects of moxifloxacin in mice to determine the toxicological implications. Forty mice of both sexes were divided into four groups of 10 mice each, designated as A, B, C and D. Group A served as the control and received 2 ml of distilled water, while Groups B, C and D were orally administered 12.5, 25 and 50 mg/kg body weight of moxifloxacin once daily for 7 days, respectively. The weights of the mice were recorded before and throughout the duration of drug administration. Blood samples were collected for serum analysis. Total blood protein, cholesterol, triglyceride, creatinine, activities of aspartate transaminase, alanine transaminase and alkaline phosphatase, levels of high density lipoprotein-cholesterol and low density lipoprotein-cholesterol were assayed. There were significant (P≤0.05) differences in the concentrations of serum creatinine, urea, aspartate transaminase, alanine transaminase and alkaline phosphatase, levels of high density lipoprotein-cholesterol, low density lipoprotein-cholesterol, cholesterol and triglyceride of mice administered moxifloxacin. Serum level of total bilirubin in low dose treated animals was not significantly different from that of the control group animals, but there were significant dose dependent decrease in the animals treated with 25 mg/kg as well as 50 mg/kg. Data of the study indicate there was a dose dependent reduction in the protein metabolites, lipid profile and liver enzyme activities of mice administered moxifloxacin.
Moxifloxacin, a chiral 8-methoxy fluoroquinolone derivative is a synthetic broad spectrum antibacterial agent [1] [2] [3] which is widely used in the management of tuberculosis [4] [5] [6] [7] [8] . It is found in high concentration in body tissues, fluids and bone [9, 10] . It exerts its antibacterial activity by penetrating the bacterial cell inhibiting the DNA gyrase and topoisomerase II and IV which are required by bacterial DNA relocation, transcription, repair and recombination [3] .
Moxifloxacin is absorbed after oral administration, undergoes limited metabolism and its glucuronide conjugate is excreted exclusively in the urine while the sulphate conjugate is eliminated in the faeces. It is moderately protein bound and is not metabolized by cytochrome P 450 system [11, 12] . Plasma elimination half-life ranges from 8.2 to 15.1 h in healthy volunteers [11, [13] [14] [15] .
Adverse effects are mild to moderate in severity and required no treatment. The common adverse effects are gastrointestinal upset and neurotoxic side effects [1, 13, 16] . Quinolones bind to DNA, but the doses of quinolones do not have genotoxic effects and do not present mutagenic hazard to human [17] . In the present study, the histological and toxicological effects of moxifloxacin in mice are investigated to determine the toxicological implications.
Drugs used were obtained from the Lagos University Teaching Hospital Pharmacy. The moxifloxacin was manufactured by Swiss Pharma Nigeria Ltd., Lagos, Nigeria. Vehicle used to dissolve the drugs was distilled water.
Forty Wistar mice of both sexes weighing 17.5-19.0 g were used for the study. The animals were maintained and used in accordance with the Institute of Laboratory Animal Research Guidelines for care and use of animals in experimental studies [18] . They were obtained from the animal breeding centre of the Nigerian Institute of Medical Research, Yaba, Lagos. They were housed in the College of Medicine, University of Lagos animal house under optimum conditions such as well-ventilated room with temperature controlled at 25±2°. They were maintained on standard feed obtained from Pfizer and provided with water ad libitum.
After 2 weeks acclimatization, the mice were divided into four groups of 10 mice each designated as A, B, C and D. Group A served as the control and received 2 ml of distilled water while Groups B, C and D received moxifloxacin of 12.5, 25 and 50 mg/kg of body weight once daily at 7.30 am for 7 days by oral gavage. The weights of the mice were recorded before and throughout the duration of drug administration. Blood samples were collected, centrifuged at 5000 rpm for 10 min. The serum obtained was stored at −20° until required for biochemical assays.
The serum samples were assayed for alkaline phosphatase (ALP) using the phenolphthalein method [19] , alanine transaminase (ALT) and aspartate transaminase (AST) were determined by the procedure of Rietman and Frankel [20] . Total protein was measured by Lowry method [21] . Urea was assayed using urease Bertthelot method [22] , total cholesterol using enzymatic endpoint method [23, 24] and creatinine assay was done by alkaline picrate method [25] . Total or direct bilirubin in plasma was determined using Jandrassik and Grof technique as described by Tolman [26] .
Data were expressed as mean±standard error of mean.
Comparison between control and treated groups of mice were performed with a one way analysis of variance. Statistical significance was set at P≤0.05.
The administered doses of moxifloxacin did not result in death of any of the mice. All the animals were observed to gain weight at the end of drug administration but not as much as the control group ( fig. 1 ). As dosage of the drug administered to the mice increased, a reduction in the rate of weight gain was observed. There were no significant differences (P≥0.05) in the weight gain in the animals for all the dose levels. The mean difference in the body weight for treated group was significantly different from the control. Table 1) .
The results obtained show the effect of moxifloxacin on the activities of the liver enzymes, protein metabolites and lipids were dependent on the dose administered. Serum levels of hepatic enzymes, AST and ALT and ALP were significantly elevated. The liver is known to play a major role in the metabolic processes of most substances. Thus any disturbance in the liver can affect the level of the biochemical parameters present in the liver. The activities of these enzymes are usually elevated during damage to liver cells and tissues [27] . In the present study, the increase in AST and ALT could be due to damage to the liver or skeletal muscle, as they are useful indices for identifying inflammation and necrosis of the liver [28] . ALT has its highest concentration in the liver, with kidney and skeletal muscles having lesser activity of these enzymes. It is an indicator of acute liver damage. The liver plays a role in metabolic process of many drugs. Thus any disturbance in the liver can affect the level of biochemical parameters present in the liver cells. ALP is a known marker enzyme for plasma membrane and endoplasmic reticulum of the tissue [29] . It is an indicator of acute liver damage [30] . Thus increases in these enzymes in the study indicate inflammation or damage of liver cells. Bilirubin is a useful index of the excretory function of the liver, in addition to its being a useful tool in the assessment of haemolytic anaemia. In this study, there were no significant changes in the bilirubin levels of the mice treated with 25 mg/ kg body weight of moxifloxacin compared to the control while increase in dose led to lower levels of bilirubin. Damaged liver cells cannot conjugate bilirubin or remove unconjugated bilirubin from the blood [28] . This results in the increase in total bilirubin observed in the study. Consequently, it may be stated that the excretory function of the liver in mice is not affected significantly, as a result of the administration of oral doses of moxifloxacin.
There was significant increase in the serum creatinine, cholesterol, HDL-C, LDL-C, triglyceride and urea levels, while a decrease was observed for bilirubin as the dose administered to the mice is increased. This is due to damaging tissues. The increase in serum cholesterol observed might be due to prolonged administration of the drug for 7 days. It shows the drug is releasing more cholesterol into the blood thus increasing the serum level of free cholesterol. Increase in the total protein level in the liver leads to increase in the amount of urea formation. AST and ALT, which are localized within the cells in the liver, kidney, heart and muscle are used in assessing and monitoring liver [31] . Thus increase in their values could result in organ dysfunction [32] . These results give an insight into the effect of moxifloxacin on the organs of the mice despite the claim of safety of the drug reported in literature. 
